On-body remote gadgets are low-power gadgets that go underneath the Medical Body Area Networks (MBANs). These remote or wireless gadgets give an inexpensive approach to watch the patients in the therapeutic field. The primary issue of the remote gadgets is the antenna, that is, the design of the antenna. This work introduces a patch antenna that can be utilized for remote on-body sensors to gauge the pulse of the patients. The antenna configuration approach includes a transmitting patch that has slots and a loop around the patch which is rectangular. The antenna is designed on a flexible substrate made of Polyimide material. With the goal to build the execution of the antenna, air substrate is utilized to such an extent that the antenna prerequisites are fulfilled. The proposed antenna is then reproduced on a human body phantom whose electrical properties like permittivity and conductivity are roughly the same to that of a human body. A biocompatible insulation layer is encompassed at the base of the antenna to diminish the Specific Absorption Rate (SAR) impact. The antenna parameters like return loss, VSWR, bandwidth and SAR esteems have been examined in this work.
Introduction
As of late, there has been an intensifying interest and advancement in Wireless Communication Systems [1] [2] [3] [4] . With the mounting headway of these remote correspondence innovations, the focus is given now to the investigation of Wireless Body Area Network (WBAN) by a few scientists. The advancement of WBAN prompts the Medical Body Area Network (MBAN). MBAN assumes a fundamental job in the therapeutic field as it needs persistent observing of patients. These MBAN gadgets might be embedded inside the body utilized far from the body or might be surface mounted on the body in an unbending or firm position contingent on the necessities. This innovation has hauled worldwide consideration since it could give persistent and inconspicuous checking for communal healthcare factors like temperature, pulse, ECG, EEG, etc [5] [6] . The gadgets utilized for therapeutic reason ought to be scaled down, lightweight and perfect, as they should be fused inside or on the body. It is fundamental for these gadgets to maintain a trustworthy correspondence with agreeable execution. In MBAN frameworks, one of the principal worries for the gadgets is the antenna design. This is on account of as expressed by the Link Budget investigation the framework imperatives have an immediate association with antenna's execution [7] . In this way, the antenna body will strikingly affect the impedance and resonant frequency of the antenna. Also, since there is significant power retention by the collection of people, the antenna has a tendency to experience a reduction in the radiation pattern. Likewise, the radiation example of the antenna can be distorted, all things considered, [4] , [8] . Therefore, because of this, it can prompt an expansion in mistakes identified with the transmission or much of the time a slight loss in correspondence connectivity. [9] [10] [11] [12] .
The antenna is required to have lack of care towards the closeness impact of the body with a specific end goal to show exact and stable execution. To shield the body from the hurtful impacts of radiations, the antenna is required to have the least radiation toward the human body. In [13] [14] [15] [16] [17] , trial examinations have been done by the researchers to enhance the execution of the antennas. By and large unidirectional antennas are favoured for on-body correspondences to lessen the body presentation to electromagnetic (EM) field radiation. Since the patch antenna is unidirectional in nature, it is suitable to use in this work. Studies demonstrate that by utilizing a PEC plane close to the posterior of the antenna, its parameters like gain and productivity can be made strides. Certain engrossing materials when utilized on the rear of the antenna can decrease backward radiation [10] , [18] . Anyway because of complex assembling forms, unbending structures and vast cumbersome sizes, these past works can't be utilized for satellite applications. Keeping in mind the end goal to defeat these issues, numerous specialists have brought up focus around low profile flexible antennas like material antennas. All the same, the antennas subject to discontinuities in view of a bending of the body [19] [20] [21] . These antennas are additionally reliant on different elements like dampness, material, producing process and substrate material [22] .
In this paper, a patch antenna with the flexible substrate is proposed as on-body antenna for medicinal applications and its performance parameters are investigated. Besides a comparative report on biocompatible insulation layer with a various thickness which is presented between the body and the antenna is made. The performance parameters (return loss, VSWR, radiation pattern, gain) of the antenna are estimated and its performance is analyzed. Likewise, the consequences for antenna performance because of the closeness of the human body are considered.
Antenna Approach and Design

Antenna Geometry
The antenna approach is delineated in Fig.1 . A remote sensor is utilized to quantify the pulse of the human body. It is connected to the frontal thorax specifically. The pulse that is estimated will then be sent to a close by the remote gadget. The general volume of the sensor is 70 mm × 25 mm × 2 mm. In this work, the sensor comprises of three components are sensor cover and a framework module. The frame module consists of a flexible substrate, flexible battery and anodes. The flexible battery will be in charge of giving power to the whole framework. The pulse will be estimated by the flexible anodes which will be in close contact with the human body. These cathodes will be set at the base side of the sensor. The proposed antenna is planned on the highest side of the sensor with the goal that it tends to be utilized as a front of the sensor too. Since the structure of the antenna is little and smaller, it presents numerous confinements in the outlining of antenna and the general adaptability.
In spite of these limitations, the proposed work has various points of interest. Since the antenna is planned on the best side of the sensor, there is no need of additional space for a cover layer. This gives an advantage in keeping up the minimal size of the sensor. The adaptability of the sensor can be kept up as the substrate comprises of two polyimide layers of 0.15 mm thickness. The general idea of the sensor is portrayed in Fig 1. For on-body correspondences, patch antenna are broadly utilized since it can keep the radiation from going towards the body. The conductivity of the human body and its permittivity will have a lesser impact on the gadget.
In this work, the area of the patch antenna is at the highest point of the sensor. The structure of the antenna has an air substrate in the centre which contributes to expanding the effectiveness.
Antenna Configuration and Design methodology
To design the antenna for wireless on body sensor application, the battery, module and anodes are excluded. The structure of the antenna at that point comprises two layers of polyimide of 0.15mm and an air layer in the centre which is of 1mm in thickness. The flexible sheet comprises polyimide alongside thin layers of copper. These layers are utilized for the emanating top and additionally the base of the antenna. The aggregate measurements or volume of the whole proposed antenna structure are 70 x 25 x 1.3 mm 3 . The polyimide film has loss tangent of 0.005, the permittivity of 2. The antenna comprises of a rectangular patch. This patch is encompassed by a loop which is likewise rectangular. The capacity of the loop line in this work is to adjust the sustaining and it prompts the current to the transmitting patch by methods for EM coupling between the loop and the rectangular patch. The coupling impact can be balanced by fluctuating the separation between the loop and the patch. The proposed antenna is sustained by a 100Ω differential feeding line. The rectangular patch additionally comprises of vertical slots. These slots help in decreasing the size of the antenna. By lessening the size, the fabrication cost can be diminished all things considered. The simulations were done in CADFEKO 7.0 software. This software is preferred over other software's as this has 3D platform based electromagnetic simulation software. The operating frequency in this work is 2.36 GHz to 2.39 GHz. To get wanted execution in this recurrence extension, the antenna can be balanced as needs be by changing the parameters like the width of the patch and the length of the slots.
Antennas in Vicinity of Human Body
Modelling of the human body
Since the utilization of wearable antennas requires it to work in close nearness to that of the person's body, we have to survey the parameter changes in the antenna when working in such a situation. Keeping in mind the end goal to study and measure the EM wave spread around and inside the body, testing the conduct of wearable antennas in the real human body may not be the best choice (and it may not be moral). The immediate contact between the tissue and the EM fields amid the estimations can have numerous undesirable results to human medicinal services. For the reenactment of wearable antennas, it is attractive to utilize numerical phantoms that reproduce human tissues. In this work, the proposed antenna is set on the chest of the patient. In such a manner, three-layered human chest involving skin, fat and muscle, displayed with dielectric parameters as appeared in Table 1 . The organized model is portrayed in Fig 3 alongside the antenna. The multi-layered structure has measurements of 300 mm × 300 mm × 31.8 mm. The simulation setup of the human model according to the parameters is depicted in Fig 3 . 
Specific Absorption Rate (SAR)
To discover the amount of electromagnetic vitality caught by the tissues in the body, assessment is done through a metric called Specific Absorption Rate (SAR) . Clearly, when the body is presented to the Radio Frequency (RF) waves, it ingests the radiation. What's more, the rate at which the human body ingests this radiation is known as the SAR. One strategy for figuring SAR is averaging it over the entire body while the other technique is to gauge over a little example volume (ordinarily 10 gram or 1 gram of tissue). SAR can be calculated as
Where σ (r) -Electrical Conductivity of the example, E-RMS Electric Field, and ρ (r) -Sample Density. As per the IEEE C95.1-1999 standard, 1.6 W/Kg is the most extreme admissible incentive for SAR.
Biocompatible Layer
A biomaterial is a material which is intended to connect with organic frameworks. It is a material which is well disposed to the human body and does not have any lethal impacts. To keep the retention of radiation by the human body tissues and also towards the human body, the antenna is encompassed by a biocompatible insulation layer. The insulation layer thickness and sort assume a critical job on the SAR. Here in this work, the antenna structure with measurements (70x25x1.3 mm3) is encompassed by Teflona biocompatible insulation layer on the base layer. The insulation layer thickness and sort assume a critical job on the SAR esteem. The permittivity and loss tangent of Teflon are 2.1 and 0.0028 separately.
Results and Discussion
The proposed antenna was designed and simulated utilizing CADFEKO 7.0 software. The simulations were done for an arrangement of frequencies starting from 2.30 GHz to 2.42 GHz to analyze the working of the antenna. The impact on the execution of the antenna because of the closeness of a human body phantom is researched. The patch antenna in the proposed work resonates at 2.374GHz without closeness of human body. The antenna has a return loss of -10 dB without the nearness of the human body as demonstrated in Fig. 4 . Likewise, it covers a bandwidth of 44.07 MHz The 3dB bandwidth of the antenna covers the 2.36 to 2.39 GHz extent which is our required operating frequency. The VSWR which as per the definition is the proportion of greatest voltage to the base voltage in the standing wave is estimated as 1.08 which can be found in the Fig.5 . The antenna has a gain of -3.90 dBi. In this work, the gain is seen to be less because of the small dimensions of the antenna.
At the point when put in close contiguity a human body phantom, the antenna demonstrates a return loss of -15.62 dB. Since there is high electrical permittivity of the human body, there is a slight drift in resonant frequency. The frequency encounters a shift from 2.374 GHz without human body nearness to 2.376 GHz on the body demonstrate.
Likewise, it can be delineated from the outcomes that the reproduced 3-dB bandwidth on the phantom is observed to be 41.3 MHz This bandwidth fulfils the MBAN band application prerequisites. The peak gain of the antenna in the nearness of the human body is -9.82 dBi. The examination of the reflection coefficient of the antenna with the human body demonstrate and without is appeared in Fig.7 The SAR estimation of the antenna is 0.300 W/kg and it is not as much as the most extreme admissible estimation of 1.6 W/kg. The correlation of results when the antenna is set close to a human body model and far from a human body display is indicated in Table 2 . To diminish the SAR value for the patient's wellbeing the antenna is protected with a biocompatible material. The correlation of antenna parameters with insulation layer is delineated in Table 3 . 
Conclusion
This methodology researches a patch-type slot antenna for a scaled down and little as well as the flexible remote sensor. The antenna is a patch antenna with slots and a loop encompassing the patch. Air is utilized as the center substrate. This is to adjust the exchange off the connection between antenna size and bandwidth by utilizing a multilayer substrate of various materials. The antenna execution in close contiguity a human body phantom is displayed and approved through recreated estimations. The antenna demonstrates a reflection coefficient of -10 dB in free space while -15.62 dB in the vicinity of a human body apparition. The 3 dB bandwidth of the antenna still covers the MBAN band and gives a bandwidth of 41.31 MHz With a specific end goal to diminish the SAR esteem, a bio-good insulation layer is covered at the base of the proposed antenna. The diverse thickness of the insulation layer is connected to with the end goal that the SAR lessens up to 0.079 which is an exceptionally negligible esteem. Along these lines, the proposed antenna could be utilized little and flexible biosensor frameworks. Despite the fact that the antenna configuration process was painstakingly contemplated amid this work, the gain of the antenna is significantly low. Consequently, any gain improvement methods can be connected for future work.
